Preference-based measures of health have become important for estimating health states to calculate quality-adjusted life years, which are an essential component of cost-utility analysis. The EuroQol EQ-5D health outcome measure 1 and the SF-6D 2 are indirect preference-based health-related quality of life (HRQOL) instruments increasingly being used for economic evaluation of clinical interventions and health programs. Although the theoretical concept of utility implies that one specific health state has one utility score, regardless of how it is measured, different instruments can give different scores 3 . A review of these measures concluded that, among other items, a comparison of the preference-based measures across a range of conditions and severity is needed 4 .
Several mainly cross-sectional studies have therefore compared EQ-5D and SF-6D scores for patients with a particular clinical condition; a common finding is small but important differences between the utility estimates by the 2 measures 5, 6, 7 . However, few comparisons exist in rheumatoid arthritis (RA) 8, 9, 10, 11 , especially in Europe, and no comparison has yet been conducted for early arthritis (EA), except a recent article comparing only the responsiveness in
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The on February 26, 2014 -Published by www.jrheum.org Downloaded from a limited sample of patients with very early inflammatory arthritis (4-11 weeks' duration; n = 182) 12 . The broad expansion of drug development for RA and the revolution of early aggressive therapy have fueled the search for better approaches to establish cost-effectiveness in EA, but consensus is lacking on the choice of utility instrument. The choice of instrument may affect both the results of future studies of new biologic agents and their cost-effectiveness. There is a need for consensus based on the relative merits of the instruments from evidence of their practicality, reliability, construct validity, and discriminant validity, as well as their overall suitability for evaluative purposes. Thus, if the instrument properties are close but the utility levels elicited by the 2 instruments are different, sensitivity analyses using the 2 levels of utility could be appropriate to determine cost-utility ratios.
Our aim was to compare the EQ-5D and SF-6D in terms of their utility values and performance -i.e., acceptability (missing values), construct validity, and discriminant ability -in a large group of patients with EA over a period of 2 years.
MATERIALS AND METHODS
Patients. Between December 2002 and March 2005, we recruited 813 patients with EA from 14 French regional centers in the ESPOIR cohort 13 . Inclusion criteria were age 18 to 70 years, more than 2 swollen joints for > 6 weeks and < 6 months, suspected or confirmed diagnosis of RA, and taking no disease-modifying antirheumatic drugs or steroids (except if < 2 weeks). Patients were followed every 6 months during the first 2 years, then every year for at least 10 years. At baseline and at each visit, data for a set of clinical and biological variables were recorded, including that from the Disease Activity Score for 28 joints (DAS28), a composite index of disease activity 14 . At each visit, patients completed self-administered patient-reported outcome measures, including a functional ability questionnaire, the Health Assessment Questionnaire (HAQ) 15 , and HRQOL questionnaires, the EQ-5D, and the MOS 36-item Short-form Health Survey (SF-36) 16 . The protocol of the ESPOIR Cohort study was approved by the ethics committee of Montpellier, France. All patients gave their signed informed consent before inclusion.
Utility measurement. The utility concept was developed by health economists. Assessment of utility assigns a numeric value from 0 to 1 for health states, 0 indicating death and 1 a state of perfect health. The values reflect the preference for a health state in a situation of choice that includes uncertainty or sacrifice (e.g., life-years). While methods such as standard gamble and time tradeoff may be used to measure health states directly, they are less suitable for clinical research and less widely used for feasibility reasons. Instead, indirect utility assessment techniques (EQ-5D and SF-6D) have been developed. The indirect health utility assessments involve population-assigned weights to calculate utility scores for particular health states from multidomain health-status questionnaires completed by patients 17 ( Table 1) .
Statistical analysis. EQ-5D and SF-6D utility scores were calculated by use of the scoring algorithms developed by Dolan 1 and Brazier, et al 2 , respectively. Descriptive statistics [mean and standard deviation, median and interquartile range (IQR), minimum, maximum] and distributions of the EQ-5D and SF-6D utility scores were computed. Ceiling and floor effects were assessed and compared and considered present if > 15% of the respondents achieved the highest or lowest possible score 19 . The within-subject difference in mean utility scores of the 2 instruments was tested at baseline by paired t test. To test the difference between the 2 instruments, a limit of 0.03 between the scores was chosen on the basis of the smallest estimate of the minimal important difference (MID) for the SF-6D or EQ-5D published 7, 10 .
Agreement. The paired utility scores were presented graphically as scatterplots. Agreement between measures was analyzed by the intraclass correlation coefficient (ICC) and Bland-Altman plots for the entire sample and for subgroups categorized by disease activity (DAS28 ≤ 3.2, 3.2-5.1, and > 5.1) and functional ability (HAQ ≤ 1, 1-2, and > 2). The ICC was based on a 2-way random mixed-effects model, with absolute agreement. The Bland-Altman plots illustrate the magnitude of the difference between the 2 utility measures (SF-6D -EQ-5D) and show the distribution of the difference values over the entire range of the utility score.
Because the lower bounds of the 2 instruments differ and to document the agreement without this difference in scale, we standardized the utility scores. EQ-5D and SF-6D scores were transformed linearly to fit the range 0-1 to retain scale proportionality (based on the theoretically possible range).
Construct validity.
To investigate whether the EQ-5D and SF-6D are valid measures of EA health status, we used Spearman's product-moment correlation to compare values for the 2 instruments with those for external measures of health, the HAQ, DAS28, and SF-36. Spearman correlation coefficients were compared with an appropriate t test 20 .
Discriminant validity. One-way ANOVA was used to test whether the utility scores differed among different disease activity states and functional groups. The hypothesis is that utility scores decreased with higher disease activity and functional ability at the same timepoint. The influence of sociodemographic factors was analyzed by t test or ANOVA. The ability of the EQ-5D and SF-6D instruments to detect differences between health status measures by external indicators was tested by the relative efficiency statistic, widely used in HRQOL studies but only recently used to test utility 21 . The statistic is calculated as the ratio of the square of the t statistic of the comparator instrument (here SF-6D utility score) to the square of the t statistic of the reference instrument (here EQ-5D utility score). A relative efficiency score > 1.0 indicates that the SF-6D is more efficient than the EQ-5D in detecting differences. We used the cutoff points currently used to define the activity states of RA (DAS28 ≥ 3.2 for low disease activity, DAS28 > 5.1 for high disease activity; and HAQ score > 1 with a sharp drop in work capacity) 22 .
All analyses involved use of SAS v9.1 (SAS Institute, Cary, NC, USA). A p < 0.05 was considered statistically significant. Table 2 shows the demographic and clinical characteristics of the 813 patients in the ESPOIR cohort at inclusion. In total, 578 (71.3%) patients fulfilled the American College of Rheumatology criteria for RA 23 , which confirmed that patients were at high risk of developing RA. At 2 years, 692 patients were still being followed, and all characteristics, except for erosions and DAS28, were similar to those of the initial population. Global utility scores. The distribution of utility scores was bimodal for the EQ-5D and near-normal for the SF-6D (Figure 1 ). At baseline, the mean utility score for the EQ-5D was 0.518 ± 0.306 (median 0.656, IQR 0.255-0.725); the mean utility score for the SF-6D was 0.582 ± 0.114 (median 0.580, IQR 0.519-0.646). The mean difference in utility scores for the 2 measures was 0.064 (95% CI -0.42 to 0.55) at baseline and was significantly different from 0.03, the MID for evaluative purposes (p < 0.0001).
RESULTS

Characteristics of the population.
The EQ-5D generated a minimum value of -0.594 and a maximum value of 1.0, with 11.8% of patients in health states considered worse than dead and 1.5% with a corresponding utility score of 1.0. In contrast, the SF-6D generated a minimum value of 0.301 and a maximum value of 0.923. Thus, no significant floor or ceiling effect was found at baseline. However, at 6 months, 6% of patients had an EQ-5D utility score of 1.0, and this proportion increased at 1 year, then remained stable over time, at ~12%. The proportion of patients with an SF-6D utility score of 1.0 remained low, between 0.5% and 0.7%. Few missing values were observed: 1.2% for the SF-6D and 0.6% for the EQ-5D at baseline, and 1% and 0.3%, respectively, at 2 years. Agreement. A scatterplot of the EQ-5D and SF-6D utility scores is shown in Figure 2 ; the Spearman product-moment correlation coefficient was 0.71 (p < 0.0001). This high correlation between SF-6D and EQ-5D was stable over 2 years. However, deviations from the 45-degree line of perfect agreement are evident, particularly at the low end of the utility scales.
At baseline, ICC agreement between the instruments was low, 0.42 (95% CI 0.37-0.48), but increased to 0.53 (95% CI 0.47-0.58) at 6 months and 0.57 (95% CI 0.52-0.62) at 1 and 2 years. Agreement decreased with increasing disease activity and functional disability at each timepoint (Table 3) .
At baseline, the Bland-Altman plot displayed lack of agreement between the 2 measures, with a systematic variation in the EQ-5D and SF-6D scores: less healthy individuals (mean score < 0.4) showed high scores on the SF-6D, and healthier individuals (mean score > 0.5) showed high scores on the EQ-5D (Figure 3 ). The Bland-Altman limits of agreement for the 2 utility scores ranged from -0.42 to 0.55 for all patients. The lack of agreement was notable at the low end of the utility scale and increased with increasing disease activity. The agreement improved at 6 months and then remained stable: the Bland-Altman limits of agreement were from -0.34 to 0.36 for all patients. Despite improvement, agreement still tended to be poor with increased disease activity (Figure 3) .
Recalculated ICC values, with transformation of the 2 utility scores to fit the range 0-1, were higher than without transformation and were stable over time and ranged from 0.64 to 0.68 (Table 3) . No decrease in agreement with increasing disease activity or functional disability was observed with transformed ICC (data not shown). (5) Vitality (5) * The SF-6D can also be calculated using the SF-12 as well as SF-36 18 . 5.97 ± 10.14 EQ-5D score 0.52 ± 0.31 SF-6D score 0.58 ± 0.11 † 9.5% of patients had a DAS28 ≤ 3.2, 44.6% DAS28 3.2-5.0 and 45.9% DAS28 > 5.1. * Baseline C-reactive protein level (normal < 10 mg/l); IgM and IgA rheumatoid factor (ELISA, Menarini, France; positive > 9 IU/ml); and anti-CCP2 antibodies (ELISA, DiaSorin, France; positive > 50 U/ml) were detected in all patients using the same technique in a central laboratory (Paris-Bichat). ** Of 715 (22.3%) patients, 160 had erosions on hands and/or feet at baseline.
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The on February 26, 2014 -Published by www.jrheum.org Downloaded from Construct validity. At baseline, correlation with the DAS28 was similar and moderate (r = -0.47 and -0.42 for the SF-6D and EQ-5D, respectively, p < 0.04), and correlations with the HAQ score and the physical component of the SF-36 were similar and good (r = -0.70 with the HAQ for both utility measures, and r = 0.64 and 0.59 for the SF-6D and EQ-5D, respectively, with the physical component of the SF-36, p < 0.01). However, correlation with the mental component of the SF-36 was better with the SF-6D than with the EQ-5D (r = 0.69 and 0.53, p < 0.0001), and correlation with pain at rest was weak (r = -0.35 and -0.28, respectively, p < 0.006). Correlation with the HAQ score, DAS28, and the physical component of the SF-36 remained stable over the 2 years. Correlation with the mental component of the SF-36 and pain at rest was markedly improved at 6 months and then remained stable, but was always better with the SF-6D than the EQ-5D for the mental component of the SF-36 (r = 0.77-0.80 for the SF-6D and 0.61-0.62 for the EQ-5D) and was stable and similar for the 2 utility measures for pain (r = -0.45 for the SF-6D and EQ-5D at 6 months and r = -0.52 to -0.55 thereafter; Table 4 ). Discriminant validity. The utility scores did not differ by age (p = 0.14 and p = 0.12 for the SF-6D and EQ-5D, respectively), sex (p = 0.12 and p = 0.50), or marital status (p = 0.55 and p = 0.29). Both utility scores increased with number of years of education. Both utility measures showed statistically significant differences by disease activity (DAS28 low, moderate, and high disease activity) and functional disability (HAQ ≤ 1, 1-2, > 2) (p < 0.0001). Both measures generated utility scores that decreased with increasing disease activity or functional disability. The difference in scores between the low and high disease activity groups was greater for the EQ-5D (0.25, 95% CI 0.17-0.33) than for the SF-6D (0.12, 95% CI 0.09-0.15).
Considering the cutoff point for low disease activity (DAS28 ≤ 3.2) at baseline (n = 75), the relative efficiency score was 1, so the SF-6D had the same efficiency as the EQ-5D in identifying patients with low disease activity. Considering the cutoff point for high disease activity (DAS28 > 5.1) at baseline (n = 360), the relative efficiency score was 1.40, so the SF-6D was 40% more efficient than the EQ-5D in identifying patients with high disease activity. When patients were dichotomized at baseline in terms of functional disability (HAQ > 1; n = 347), the relative efficiency score was 1.29, so the SF-6D was 29% more efficient than the EQ-5D in identifying patients with HAQ > 1. But 
The on February 26, 2014 -Published by www.jrheum.org Downloaded from for HAQ > 2 (n = 56), the relative efficiency score was 0.70, so the EQ-5D was 30% more efficient than the SF-6D in identifying patients with HAQ > 2 ( Table 5) .
DISCUSSION
Although the correlation between the 2 utility scores, the EQ-5D and SF-6D, was high, descriptive statistics revealed systematic disagreement at both the low and high ends of the utility scales. In particular, EQ-5D values < 0.5 corresponded to markedly high SF-6D scores. In addition, a wide range of SF-6D scores (0.58-0.85) was associated with an EQ-5D score of 1.0. Bland-Altman plots also displayed lack of agreement between the 2 measures, particularly at the low end of the utility scales. Our results were similar to those Figure 3 . Bland-Altman plots of differences in SF-6D and EQ-5D utility scores for all patients by disease activity at baseline (A) and at 6 months (B). Score 2 = SF-6D; score 1 = EQ-5D. found for heterogeneous RA 8, 11 . The explanation could lie in the difference in the "true" range of the theoretical 0-1 utility scale the instruments actually cover. The lowest observed value was -0.594 for the EQ-5D and 0.301 for the SF-6D. Therefore, the observation that differences between instruments were especially high with worse disease is not surprising. As a consequence, the mean EQ-5D showed larger differences between groups with better and worse disease defined by the DAS28 or HAQ. This result has important consequences when using the instruments in clinical trials and for cost-effectiveness analyses of patients with high disease activity: the gain in EQ-5D will be larger and will provide more favorable incremental cost-utility values 9 . To determine whether the poor agreement was due only to differences in the scaling of these 2 instruments, we recalculated the ICC after transforming utility values into a 0-1 scale. After rescaling, the ICC were increased but remained moderate. This finding suggests that observed differences in the ICC are not due merely to differences in the scaling of these 2 instruments. Mean SF-6D utility scores exceeded mean EQ-5D utility scores by 0.064, which is significantly higher than the MID for the SF-6D (MID = 0.033) 24 and the EQ-5D (MID = 0.03, postulated to be the minimum clinically important difference because it is the smallest of the coefficients in the York weights, that is, the smallest difference in moving from one level to another on any of the 5 dimensions) 10 .
Several reasons might explain the differences between the utility scores. First, the health descriptive system of the SF-6D does not allow for negative values and so assigns a 0.296 value to the most severe health state produced by the descriptive system, whereas the EQ-5D score allows for negative scores 25 . Second, EQ-5D utility scores are based on time tradeoff, which tends to result in high values for mild states, whereas SF-6D scores are based on standard gamble, which tends to result in high values for severe states 26, 27 . A further explanation for why healthier individuals showed higher scores on the EQ-5D than on the SF-6D is that the SF-6D may be more sensitive (because of its larger descriptive system) for patients experiencing mild to moderate health problems 2 . Lower utility scores were observed for EQ-5D in patients with severe disabilities. This result may be explained by the content of the EQ-5D. Of the 5 dimensions, 4 (mobility, self-care, usual activity, and pain/discomfort) are likely to be particularly affected in patients with EA. A study comparing EQ-5D and SF-6D in 7 diseases 25 showed larger mean differences between the 2 instruments in osteoarthritis than in diseases focusing on pain and discomfort such as irritable bowel syndrome. We found that the patients with a score worse than death on EQ-5D (n = 90) had higher scores on the pain and physical function, and a large proportion of these patients scored maximum on the pain dimension and moderate on all other dimensions (data not shown), confirming results of a study investigating the health states of patients with inflammatory arthritis with a score worse than death on EQ-5D 28 .
Differences between the utility scores may also be confounded by the valuation and/or scoring methods. The instruments use different operational definitions of the domains and functional levels within each domain. The level of agreement for the 2 measures improved at 6 months and then remained stable. The first explanation for this observation is that disease activity decreased with treatment, and agreement was better for healthier patients. However, considering agreement in different disease-activity and functional-ability groups, we still observed improvement of agreement at 6 months, especially for low disease activity.
Correlations of the 2 scales with the DAS28, HAQ score, and the physical component of the SF-36 were moderate to good and were stable over 2 years. In contrast, scores for the 
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The on February 26, 2014 -Published by www.jrheum.org Downloaded from mental component of the SF-36 and pain at rest correlated better with the SF-6D than the EQ-5D at baseline, were improved at 6 months and remained stable thereafter, and were similar for pain. The improvement in the correlations could be explained by the importance of the mental health component and how patients deal with and are able to cope with a recent diagnosis of a chronic disease in terms of utility. The improvement in agreement and correlations at 6 months could also be explained by patients becoming used to completing questionnaires. These results should be interpreted with caution, keeping in mind that the SF-6D is derived from the SF-36 (using 11 of the 36 questions). Stronger correlations found between the SF-36 and SF-6D than between the SF-36 and EQ-5D do not necessarily mean that the SF-6D has better properties, and are in part due to the fact that the SF-36 and SF-6D use the same items. However, it is interesting that correlations with the physical component of the SF-36 were similarly good for both measures of utility, whereas correlation with the mental component of the SF-36 was better with the SF-6D than with the EQ-5D.
Our study has some limitations. We did not compare the test-retest reliability of these 2 instruments. Comparison of the metric properties of the instruments was hampered because the EQ-5D scores showed a high level of skewness compared with the normal distribution of the SF-6D scores. Classical approaches to study agreement assume normality. Of note, the change values of the utilities showed a nearnormal distribution. Finally, the scoring algorithms used for the 2 instruments were developed from data for a general population in the United Kingdom because no such algorithm was available in France at the time of the study. Use of an algorithm from the same population for both the EQ-5D and SF-6D might result in a more valid comparison.
One of the strengths of this study is that a broad group of patients with EA was included. The ESPOIR cohort aims to include all patients with EA regardless of disease level, age, and sex, and our study shows the performance of the instruments in a real-life setting. The study also includes a large number of patients with longitudinal assessment.
Further research to examine the psychometric properties of the EQ-5D and SF-6D, in particular sensitivity to change, would strengthen the limited evidence currently available to analysts. Future research should focus on understanding the reasons for the differing performance of the 2 utility measures in EA. The objective is to determine which of the 2 instruments is the more pertinent, or if cost-utility analysis should include both EQ-5D and SF-6D in sensitivity analyses.
